Patent trolls-firms that appropriate profits from innovation by enforcing patents against infringers-are peculiar players on markets for technologies. As buyers of patents, they are solely interested in the exclusion right, not in the underlying knowledge. Similarly, when they sell or license out patents, the transaction does not involve a technology transfer. In this paper, we empirically analyze trolls' patent acquisitions. We draw on a unique dataset of 753 patents acquired by known patent trolls, which we compare to 1506 patents acquired by practicing firms.
Introduction
Patent trolls, or nonpracticing entities (NPEs), are firms whose business model is focused on enforcing patents against infringers and thus to receive damages or settlement payments (e.g., Reitzig et al., 2007) . Patent trolls are considered by some as a serious threat to innovation in high-tech industries, and have received considerable attention from policy makers (e.g., U.S.
Federal Trade Commission, 2003; Jaffe and Lerner, 2004; Lemley and Shapiro, 2007) . Extant research has studied the legal underpinnings of the troll business (Magliocca, 2006; Golden, 2007; Lemley and Shapiro, 2007) , provided (some) empirical evidence on troll-type patent litigation (Lerner, 2006; Magliocca, 2006; Reitzig et al., 2009) , and illuminated the various strategies underlying the troll business and its sustainability to policy changes Henkel and Reitzig, 2009 ).
However, a systematic quantitative study of patent troll activity is lacking, and with it an empirically based judgment about the strategies, technology fields, and sustainability of future troll activity. Such judgment is critical, though, both for policy makers aiming at curtailing the troll business and for managers facing the threat of patent troll attacks.
The current lack of empirical studies is mainly due to data availability issues. Many infringement cases involving trolls are settled out of court, and even those that do end up in court are difficult to gather. We thus pursue a different route, by analyzing trolls' patent acquisitions.
In so doing, we obtain a systematic and rather complete outlook on those patent troll activities that are based on acquired patents, which constitute a considerable and growing share (Reitzig et al., 2009, Table 1 and Figure 2 ).
We draw on a unique dataset of 753 patents acquired by known patent trolls, which we compare to 1506 patents acquired by practicing firms. Our findings regarding patent characteristics support our hypotheses, derived from the literature and from considerations of the troll business model. Trolls seem to be able to acquire patents that are most appropriate for their business model. Compared to practicing firms, trolls focus on patents that (a) have a broad scope and are thus infringed upon with a high probability, and (b) lie in patent thickets and thus have a high substitution cost. Most importantly, and contrary to common belief, we find that (c) troll patents on average are of significantly higher quality than those in the control group and thus have a high probability of being upheld in court. The latter result in particular suggests sustainability of the troll business in the future.
Beyond the analysis of trolls' patent acquisitions, our study contributes to the understanding of markets for technology (e.g., Arora and Gambardella, 1994; Gans and Stern, 2003; Lamoreaux and Sokoloff, 1999; Arora et al., 2001 ) more generally. Trolls often procure their patents by acquisition (as laid out above) or by in-licensing (Reitzig et al., 2009, Table 1 ).
On the selling side, they always generate their revenues as licensors or sellers of patents. Hence, patent trolls appear to be very active players on markets for technology, as both buyers and sellers. But trolls are rather peculiar participants in these markets. As Reitzig et al. (2009) point out with a focus on trolls' role as sellers, the troll phenomenon calls into question the established notion that intellectual property rights improve the functioning of markets for technology.
However, we argue that trolls challenge our understanding of markets for technology more fundamentally. As buyers of patents, they are solely interested in the exclusion right, not in the underlying knowledge. Similarly, when trolls sell or license out patents, the transaction again does not involve a technology transfer, since by definition of the troll business model the potential licensee already uses the patented invention. Extrapolating from our empirical analysis, we posit that transactions involving patent trolls may only be the tip of the iceberg of "patentonly" transactions. Patent transactions may thus be, to a good extent, indications not of efficiency-enhancing knowledge trading and division of labor, but rather of-inefficientduplication of inventions and failure of ex-ante licensing.
The remainder of the paper is structured as follows. In Section 2, we discuss the troll business model, review the pertaining literature, and derive hypotheses. In Section 3 we describe our data and empirical strategy. In Section 4 we present our results. Section 5 concludes.
Background and Hypotheses

The Patent Troll Business Model
We follow Reitzig et al. (2007, p. 137) in defining "patent sharks or trolls as individuals or firms that seek to generate profits mainly or exclusively from licensing or selling their (often simplistic) patented technology to a manufacturing firm that, at the point in time when fees are claimed, already infringes on the shark's patent and is therefore under particular pressure to reach an agreement with the shark." The term "nonproducing entity" or "nonpracticing entity" is often used synonymously to "patent troll" and "patent shark" and has the advantage of avoiding a derogatory connotation. However, it equally describes pure research firms and institutions that seek to license their technologies ex ante, i.e., before infringement occurred. To avoid this misunderstanding, we use the common term "patent troll" in this paper. In doing so, we do not imply a moral judgment. A firm fitting the above definition may indeed behave like a proverbial malicious troll by deliberately hiding its patents, but it may also represent a serious inventor who failed to license his inventions ex ante and years later finds them infringed.
The above definition alludes to the observation that trolls often base their business on trivial patents. Lerner (2006) , in his study of litigation of patents that relate to financial products and services, obtains results that are consistent with this view. The historical examples of patent trolls in agriculture analyzed by Magliocca (2006) also support the notion of troll patents being of dubious quality, as do high-profile cases such as NTP v. Research in Motion.
1 However, recent theoretical and empirical contributions suggest a more complex picture.
From a game-theoretical analysis, Henkel and Reitzig (2009) derive three distinct strategies that trolls may follow. Pursuing the "injunction-based" strategy, the troll seeks a favorable settlement with the infringer under the legal threat of an injunction or some similar legal measure. Since patent invalidation proceedings usually take too long to counter such a threat, patent quality matters little for this strategy. As a result, trolls may prefer low quality patents because these are easier to obtain or harder to find for the infringer. The situation is different for the "damagesbased" and the "switching cost-based" strategy. In the former case, the troll goes after damages awarded by the court for past infringement, while in the latter case the troll exploits the high cost that the infringer would have to bear, even without time pressure, for switching to a noninfringing technology. Both of these strategies do leave enough time for invalidation proceedings, and so require legally sound patents. Empirical findings by Reitzig et al. (2009) indicate that trolls do indeed play all of these strategies.
Sustainability of the Troll Business
Two inefficiencies in the patent system-excessive damage awards and patentee-friendly injunctions-favor the patent troll business model Parliament on the enforcement of intellectual property rights defines as "the amount of royalties or fees which would have been due if the infringer had requested authorisation to use the intellectual property right in question." However, in calculating such ex post damages, courts typically do not-although theoretically they should-take into account the hypothetical cost of replacing the infringed technology with a noninfringing alternative ex ante, i.e., before lock-in occurred . Thus, for easy-to-invent-around inventions the common calculation method leads to excessive outcomes, facilitating the damages-based troll strategy. As to the second inefficiency, generous grants of injunctions obviously favor the injunction-based troll strategy. The easier and faster it is for trolls to obtain injunctive relief, the higher their leverage in negotiations with infringers.
Legal and economics scholars have envisioned legal changes that could impede the patent troll business (Magliocca, 2006; Golden, 2007; Lemley and Shapiro, 2007) The above policy initiatives notwithstanding, we follow Henkel and Reitzig (2009) in their conjecture that the patent troll business model will be sustainable in the future. First of all, the troll business is favored by the patent system's lack of transparency, which makes it difficult to identify all patents that a new product might infringe upon and to determine, for a given patent, if it reads on the product or not (e.g., Bessen and Meurer, 2008 ). It appears unlikely, in the light of ever increasing numbers of patent applications, that this situation will improve in the near future, and so inadvertent infringement will remain hard to avoid with certainty. we expect forward-looking trolls to acquire patents that are of high quality and thus likely to be upheld in court.
Trolls' vs. Practicing Firms' Patent Acquisitions
When patent trolls procure patents, be it by acquisition or by filing, they are competing for these patents with practicing firms. In fact, by the very design of the troll business model trolls are only interested in patents covering inventions that are used, or are likely to be used, by some practicing firm. In turn, if a practicing firm anticipates that trolls might procure patents on inventions it uses, it will have an interest to pre-empt the troll and secure the patent or a license to it (or, if possible, to destroy it).
Focusing on patent procurement by acquisition, the likely winner of this competition is determined by the contenders' relative abilities in two disciplines: to identify suitable patents, and to extract their value. Regarding identification, we note that procuring patents, identifying infringers, and enforcing patents against them are a patent troll's sole activities, which suggests that they should be superior to practicing firms in this discipline.
Regarding value extraction, three different uses of patents by practicing firms matter in our context (e.g., Cohen et al., 2000) : a) preventing imitation or substitution of own products; b)
cross-licensing with competitors in (Hall and Ziedonis, 2001; Ziedonis, 2004) ; and c) licensing against royalties. Except in industries in which each patented invention is used by only one practicing firm (as is often the case, e.g., in the pharmaceutical industry) and unless crosslicensing is strictly symmetrical, appropriating the full value of a patent will involve licensing against royalties. Doing so, however, will often be difficult for practicing firms, for two reasons.
First, infringers may threaten to sue for infringement in turn; second, the patentee may have other business relationships with the infringer, which an infringement suit may jeopardize. Trolls, in contrast, are not vulnerable to counter-litigation for infringement nor to a termination of some other business relationship (Golden, 2006; Lemley and Shapiro, 2007; Reitzig et al., 2007) , and so are in an excellent position to enforce their patents. Thus, also in extracting value from patents suitable for the troll business, trolls should be superior to practicing firms, and should hence be able to outplay the latter when competing for those patents.
We now discuss characteristics of patents that make them suitable for the troll business model, and from these derive three hypotheses regarding the likelihood of a patent being acquired by a troll as opposed to by a practicing firm. Our first hypothesis relates to patent scope. Since trolls rely on infringement of the patents they own, characteristics that increase the likelihood of infringement should make a patent more attractive for trolls. Such a characteristic is patent breadth. The broader the scope of a patent, the larger the number of products and processes that, ceteris paribus, will infringe upon it (Merges and Nelson, 1990) . Practicing firms, on the other hand, would mainly stick to applications of the patented invention that are close to their own use of it, and hence narrow their focus on competitors and related product markets. We thus posit:
Hypothesis 1: The probability of an acquisition by a patent troll compared to an acquisition by a practicing firm increases with the scope of the patent.
The second patent characteristic patent trolls should favor is a high cost of substituting the underlying invention in products. This substitution cost increases with the difficulty of inventing around the patent, which in turn is high if the patent density and complexity of the relevant technology field is high. This means that many patents exist that have a high degree of overlap between them and with the patent under consideration, so that finding a gap for a non-patented substitutive technology is difficult. In other words, the focal patent is part of a patent thicket (Shapiro, 2001) . In principle, also practicing firms could obtain royalty income by enforcing the patent against infringers, and in so doing build on high substitution costs. However, as we discussed above, patent trolls have an advantage over practicing firms in patent enforcement due to the absence of a product-based revenue model. We hence put down:
In addition to increasing the cost of substitution, the fact that a patent lies in a dense and complex patent environment will likely also increase the probability of this patent being infringed. It is less clear, however, if this increased probability affects the relative attractiveness of the patent for trolls and for practicing firms in the same way as an increase in infringement probability due to scope does. This is because, from the perspective of a practicing firm, a broader scope increases the probability of infringement by products that do not directly compete with the firm's own products, while a denser and more complex patent environment should make infringement by competing products more likely. Practicing firms care about the latter type of infringement, but less about the former. In any case, these considerations do not put into question Hypothesis 2, they only make the mechanism by which density and complexity of a patent environment affect relative acquisition probabilities somewhat ambiguous.
Hypothesis 2: The probability of an acquisition by a patent troll compared to an acquisition by a practicing firm increases with the patent density and complexity of the technological field.
Third, the legal quality of a patent, in the sense of it withstanding invalidation proceedings, is a necessary precondition for a sustainable patent troll strategy. In contrast, practicing firms in industries characterized by complex technologies (Kash and Kingston, 2001) such as electronics often use patents for cross-licensing or deterrence (instead of strict exclusion as, e.g., commonly practiced in the pharmaceutical industry). In this case, a patent's legal soundness is less critical than for a troll pursuing a sustainable strategy. Since legal soundness is closely linked to a patent's technological quality, we posit:
Hypothesis 3: The probability of an acquisition by a patent troll compared to an acquisition by a practicing firm increases with the patent's technological quality.
Empirical Approach
Data
To identify patent acquisitions, be they by trolls or practicing firms, we use data obtained from the European Patent Office's (EPO's) PATSTAT and INPADOC databases. While PATSTAT contains static bibliographic data on patents, the INPADOC database contains patent legal status data and in particular information on changes in ownership. While both databases are provided by the EPO, they contain data from all national patent authorities that transmit their patent bibliographic and legal status data to the EPO. We concentrate on data from the United States Patent and Trademark Office (USPTO) and the German Patent and Trademark Office (GPTO), since for these two patent authorities we are confident that both patent bibliographic and legal status data have a reliable quality in the EPOs' databases. While registering a patent acquisition at the national patent authority is not always legally required, doing so brings legal advantages for the acquirer both in the United States and in Germany. As long as the change of ownership of a patent is not registered at the patent office, a third party can acquire the patent in good faith (creating obvious disadvantages for the first acquirer). Additionally, in infringement suits plaintiffs have to prove that they are legitimized to enforce the patent. This is most easily andimportantly-most quickly done by being listed as the current patent owner in the patent register.
For these reasons, the database can be assumed to comprise, for the United States and Germany, a large share of all patent acquisitions. We complemented the data obtained from INPADOC by data on patent characteristics from PATSTAT.
The first step in our sample construction process was to identify names of patent trolls.
From extensive analyses of newspaper articles and online documents we identified the names of 80 firms operating in the United States and Germany that meet our definition of a patent troll.
This sample could suffer from two types of selection biases. First, patent trolls operating recently should be easier to identify than patent trolls operating some years ago, among other things because the websites offering the richest information on troll litigation did not exist ten years ago.
Second, some patent trolls could have managed to stay out of media's attention so far. However, most patent trolls try to attack as many firms as possible so that the chance that information on the troll leaks into specialized websites is high. Nonetheless, we cannot claim to provide a complete picture of all patent trolls.
Using the INPADOC database, we were able to identify 2859 patents that had undergone a change in ownership name with one of the 80 patent trolls mentioned above listed as the new owner. However, in many cases only a firm's legal form or its address had changed, or the patent had only been transferred to a subsidiary. To eliminate these false positives, we screened the data manually. In this process, we identified all sellers and made sure that they were not legally affiliated with the buyers. 6 Conservatively, we also dropped all patents that had been transferred from a natural person to the acquiring firm. In these cases we were not able to ascertain if the patent had really been purchased from outside or if a founder or employee of the firm had transferred the patent to the firm. Furthermore, we learned from experts that in some cases only one patent per patent family is reassigned, to reduce cost. To avoid biases, we thus kept only one patent per patent family (the one closest to the priority filing) in our dataset if we encountered transfers of several family members. Doing so led to the deletion of 119 patents 7 . We ended up with 753 patents that had been acquired by 47 distinct patent trolls (see Table 1 ).
For every identified patent acquired by a patent troll, we randomly selected two control patents acquired by a practicing firm in the same year within the same jurisdiction to build a 6
We did not exclude cases where the buyer acquired the "seller" along with its patents. In some cases patent trolls presumably acquired whole firms to get access to their patents. However, in most cases we do not know whether firms were acquired or only patents.
7
In only one case we found a German patent and a US patent of one family that were both transferred. In the other 118 cases we found family members applied for at the same patent authority.
control group. Also for the patents in the control group, we manually screened each change in ownership and checked if the new patent owner is a practicing firm.
Variables
The dependent variable in our model is a dummy variable that captures if a patent was acquired by a patent troll or by a practicing firm. In the following we discuss our independent variables.
Patent scope. We use the number of distinct assigned four-digit IPC classes as a proxy variable for the number of possible fields of application for the technology, one dimension of patent scope often used in extant research (Lerner, 1994) . Another commonly used proxy variables for patent scope is the number of claims (Lanjouw and Schankerman, 2000) or the number of claims per backward references (Harhoff et al., 2002, Lanjouw and Schankerman 1997) . The problem with this indicator is that the number of claims depends on how the patent was written by the applicant (Reitzig, 2004, Lanjouw and Schankerman, 2004) , while the assignment to IPC classes is carried out by the examiner and should thus be more objective.
Patent density and complexity of technology field. We measure the patent density and complexity of a technological field using the recently proposed "triple" indicator (von Graevenitz et al., 2008 (von Graevenitz et al., , 2009 This indicator reflects the degree of mutual blocking the patent portfolios of the biggest firms in a technological field show. Its calculation draws on the number of references classified as X or Y, which means that these prior art documents have limited patentability of the invention. If two firms each own at least one patent that has block one of the other firm's patents, then these firms constitute a blocking pair. If among three firms there are three such blocking pairs, then these three firms form a triple. The triples indicator captures how many such triples exist in a given technological field. The higher the amount of triples, the more blocking dependencies between firms exist.
Patent technological quality. A patent's technological quality can be proxied by the number of forward citations it has received. The more forward citations a patent has received the higher its technological contribution to the field (Trajtenberg 1990, Harhoff and Reitzig, 2004 forward citations (Harhoff and Reitzig, 2004) . In particular citations made by the applicant may contain no information on technical quality (Reitzig, 2005) . In the EPO patent examination process examiners assign citations to certain categories in order to separate technological and other citation reasons. As these assignments are stored in PATSTAT we can use them to identify technology-related citations and include this measure in a robustness check.
Controls
We employ a number of control variables to avoid omitted variable biases.
Proximity to basic research. Patents may also reference non-patent literature, which mostly means articles in scientific journals. The number of these references can be used as a proxy for the proximity of the patent to science (Narin et al., 1987; Meyer, 2000; Narin and Noma, 1985; Narin et al., 1997) .
Age of the underlying technology. The age of the technology at time of patent acquisition is proxied by the time lapsed between filing of the priority application and acquisition of the patent. The priority date marks the time when the first application on this technology was filed at a patent authority and is thus the closest proxy to the time of invention.
Patent economic quality. A indicator of the patent's economic quality is the number of family members it has. The applicant has to pay examination and maintenance fees for every member of the patent family, and so patent family size should reflect the economic value of the patent as perceived by the applicant (Putnam, 1996; Lanjouw et al., 1996; Harhoff et al., 2003) .
Crowdedness of technology field. The patent crowdedness of the patent's main technology field is measured by counting the number of patent applications in the patent's main IPC class (Harhoff and Reitzig, 2004) . In our study this indicator captures whether the complexity of the patent screening process due to a more or less crowded patent environment influences patent trolls' and practicing firms' acquisition decisions.
Other Controls. We further control for the patent's number of backward references. The interpretation of this patent characteristic is not clear, though. While it is discussed to measure the extant technology in a technological field (Ziedonis, 2004) others argue that it also measures the scope of the patent (Harhoff et al., 2002) . Furthermore, we control for the number of claims a patent makes. This patent characteristic is also ambiguous. Despite being used as a measure for patent's scope (Reitzig, 2005) , some scholars argue that the number of claims is correlated with the patent's legal sustainability Schankerman, 2000, Harhoff and Reitzig, 2004) .
The more claims a patent has, the higher is the chance that one survives an invalidation procedure. Next, we control for effects specific to the technological fields the patents belong to, using dummy variables for all eight first-digit-level IPC classes. In addition, we use six dummy variables capturing different 5-year patent application periods (pre 1977, 1977-1981, 1982-1986, 1987-1991, 1992-1996, 1997-2001) . At last, we control if the patent was already granted at time of acquisition.
Descriptive Results
The complete dataset contains 2259 patent acquisitions, with 753 acquisitions by patent trolls and 1506 acquisitions by practicing firms. Table 3 shows descriptive statistics. In 15% of the observations a pending application rather than a granted patent was acquired. This small share is not surprising due to the uncertainty regarding the scope and sustainability of the acquired intellectual property right. 9 If a patent was not rejected in the examination process its legal sustainability increases.
In Figure 1 we show the number of patents acquired by patent trolls by main IPC sections and acquisition year. It is interesting to find that patent trolls specialize on patents in some IPC In our manual screening process of patent sellers, we identified if possible whether the seller is a 9
In their study on the impact of formal intellectual property rights on technology trading Gans et al. (2007) find that only 27% of technology licenses occur in the pre-allowance phase of patents. They also contribute this finding to the uncertainty of the extent of not yet granted intellectual property rights.
practicing firm, a research institute or an intermediary like a bank or a patent broker.
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Furthermore we identified the size of the firm. Figure 4 illustrates these characteristics of the sellers of patent acquired by trolls and practicing firms, respectively. Patent trolls seem to rely to a lesser degree on large practicing firms to acquire their patents. However, we have to be cautious in interpreting these findings. For a large percentage of sellers we were not able to determine the firm size. We assume that these firms are also small and did not operate for a long time, making them harder to find in our web based search process. The share of patent acquisitions of practicing firms from small firms should thus increase since the size of more than 20% of practicing firms' patent sources is unknown.
Comparing patents acquired by patent trolls to those acquired by practicing firms (Table   4) , we find no significant differences (at the 10% level) for family size and technology age, but (highly) significant differences in all other tested characteristics. Patent trolls clearly acquire patents that received more forward citations, are assigned to more IPC classes, lie in more complex and crowded technological fields, have more claims, and contain more non-patent literature references than patent acquired by practicing firms do.
Model Specification
To clearly identify those characteristics of a patent that make it relatively more attractive to a patent troll than to a practicing firm, we estimate logit models using the dummy variable "acquired by a patent troll" as the dependent variable. A logit model, estimated using maximum likelihood techniques, represents the probability of outcome 1 of the dependent variable Y i as a function of the covariate vector X and the coefficient vector ß:
However, we need more sophisticated models than the standard logit estimator, for the following reason. In the step before the manual screening, we identified 2,859 patents acquired by the patent trolls we had identified, compared to 1,638,214 patent acquisitions by other entities.
The need to manually filter each patent severely limited the size of the control group, which we chose to make twice as large as the group of patent troll patents. Thus, we heavily oversample 10 To do this we relied heavily on web searches since the majority of sellers was not listed in firm databases.
Starting from 2259 patent transactions in our dataset, we were able to identify the business model of sellers of 2038 patents. patents acquired by patent trolls. In this situation-that is, if the proportion of positive outcomes in the sample does not match the proportion of positive outcomes in the population-logistic regression yields biased estimates (Prentice and Pyke, 1979; Scott and Wild, 1997) . King and Zheng (2001) propose a method to correct for such oversampling of rare events. They prove that the bias in the coefficient estimates generated by oversampling rare events can be estimated using the following weighted least-squares expression:
, and w 1 represents the fraction of ones in the sample relative to the fraction in the population. Intuitively, one regresses the independent variables X on the residuals using W as the weighting factor (Sorenson et al., 2006) . Tomz (1999) implemented this procedure in the relogit STATA command. We apply a logit estimator in our first model and estimate a second model using Tomz' procedure to yield unbiased coefficients for a fraction of rare events in the population of 2,859/1,638,214 11 .
Results
Findings from Main Models
We find support for our hypothesis that patent trolls pick patents that have on average a higher probability of being infringed upon than those in the control group. The number of assigned IPC classes 12 is positive and highly significant, which confirms Hypothesis 1. Also, the higher the patent density of a technology field, the more likely a patent in this field will be acquired by a patent troll rather than by a practicing firm, a finding that confirms Hypothesis 2. Furthermore, we find that patent trolls acquire patents that are on average of higher technological quality and thus legal sustainability than patents acquired by practicing firms (confirming Hypotheses 3). The probability of an acquisition by a patent troll increases with the (logarithmic) number of the 11 2,859 patents with owner name changes to a patent troll divided by 1.638.214 patents with owner name changes to firms not in our list of patent trolls.
12
The results are comparable when using the number of assigned ECLA classes. ECLA classes are more fine granular and up to date than static IPC assignments available in PATSTAT.
patent's forward citations. 13 While in line with our hypothesis, this finding is surprising. It contradicts commonly held beliefs that patent trolls concentrate on enforcing low quality patents.
So, at least for those patent trolls that purposefully pick patents (rather than "discover" them on their "attic"), this belief requires revision.
Including a larger set of controls (model 3), the results remain stable. Additionally, we find that patent trolls tend to acquire patents that have on average more non-patent literature backward references. This indicator suggest that these patents have a closer proximity to basic research and are thus more difficult to substitute and have a higher likelihood to be infringed upon. However, the age of the underlying technology measured by the time lapsed between the patent's priority application and its acquisition has no impact on the relative probability of acquisition by a patent troll. Furthermore, patent trolls acquire patents that have more claims than patents acquired by practicing firms. They also acquire patents that have less backward references. Surprisingly, patent trolls tend to acquire more patents that are still in examination in relation to PEs. This finding may suggest that patent trolls trust more in their own patent quality assessment capability (since they rely less on examiners' judgement) than practicing firms do.
Interestingly, the patent crowdedness of the technology field measured by the number of patent applications in the patent's main IPC has no significant influence on patent trolls' acquisitions.
This finding underlines that not the crowdedness of a technological field makes it favorable for a patent troll, but the density of overlapping patent rights.
Comparing the results of the logit (Model 1) and the rare events logit (Model 2) model specifications in table 5, we see only slight differences. By and large the coefficients' signs, values and p-values are identical in both models. Since relogit corrects biased coefficients of a simple logit specification it does not provide Log-Likelihood, Pseudo-R² and LR-Test values.
Robustness Checks
We complement our analysis with six robustness checks estimated with a rare events logit model specification shown in table 6 and 7. Model 4 and model 5 have the same model specification as model 3, but use only one half of the split control data to fit the models. To be more specific, in the data construction phase we selected two practicing firms' control patents for each patent troll 13 The results are robust to the selection of specific types of forward citations. Model estimations using only the number of A-,X-respectively Y-type forward citations yielded comparable results. Also using forward citations per age of the patent yields basically the same results. Figure 3 shows the number of patents acquired by patent trolls and practicing firms (split into control group 1 and 2) for each of the eight main IPC sections. Since patent trolls focus on IPC sections G and H, they dominate the control groups in theses two sections. In order to make double sure-in addition to using IPC class dummies in our main specifications-that different patent characteristics observed are not due to patents' different technology fields, we constructed a new control group of practicing firms' patents matched by IPC section to the patents acquired by patent trolls. For each of the 753 patent troll patents we tried to find a patent that was acquired by a practicing firm in the same year, belongs to the same patent authority and is assigned to the same first-digit main IPC section. Since manually checking each patent is a very time-consuming process we used the patents in our control groups to build the matched sample. We were able to find a match for 577 out of 753 patents acquired by patent trolls. Repeating the estimation of the specification of model 3 with this matched sample data set of 1154 patents yielded the results shown in Table 6 , model 6. As practicing firms' patents and patent troll patents were matched by their main IPC sections, we do not need to control for IPC sections in this model. The estimation results are again nearly identical to the estimation results of model 3 (and thus also to those of models 1 to 5).
Our last concern was that the two patent trolls which acquired most patents, IPCom with 97 patents and Rembrandt Technologies with 105 patents, are the sole cause for our estimation results in previous models. For these two patent trolls it is well known that they acquired high quality patents from leading industry players. IPCom acquired all of its patents from Bosch, 14 With the restriction that the patent was acquired in the same year and for the same jurisdiction.
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Of course we controlled for patents' different IPC sections in the previous models.
which had exited the market for GSM mobile telephony. Rembrandt Technology acquired the majority of its patents from a subsidiary of AT&T. To ensure that our results are not driven by these two largest patent trolls, we estimated the model specification of model 2 on a data set without patents from IPCom and Rembrandt Technology and their corresponding control patents.
The results shown as model 9 in Table 7 are again nearly identical to the results of all other models. Finally, we provide two more robustness checks in table 7. Model 7 shows the estimation of the model specification used in model 3 for US patents only, model 8 for German patents only.
The results are again stable.
Discussion
The analysis has supported our hypotheses that patent trolls acquire patents that have, relative to patents acquired by practicing firms, a higher likelihood of being infringed upon, higher substitution costs and a higher likelihood of being upheld in court and thus of being enforceable.
These characteristics are clearly desirable for the patent troll business model, and our results thus show that patent trolls successfully focus on patents most suitable for their business. Yet, the finding of higher legal stability of patents acquired by trolls is surprising as it contradicts the common notion of trolls exploiting patents of dubious quality.
Our empirical analysis thus supports recent theoretical work arguing that the troll business model will be sustainable in the long run (Henkel and Reitzig, 2009) . Legal countermeasures may help to limit the payoffs that trolls can achieve, and may in particular prevent gigantic settlement sums as paid by Research in Motion to NTP (see Footnote 1). However, the potentially high cost of substituting an invention once it is incorporated into a complex product will continue to provide leverage to trolls, and so their ex post approach to licensing will often be more profitable than ex ante licensing (i.e., "true" technology selling). Our results hence suggest that the troll strategy of "locking-in-to-extort" indeed needs to be added, as proposed by Henkel and Reitzig (2009) , to the list of ways of exploiting the exclusion right conveyed by a patent, next to exclusion to prevent imitation and cross-licensing to coexist.
Beyond the topic of patent trolls, our results bear relevance for the theory of markets for technology more broadly. Markets for technology facilitate the transfer of technologies to firms better positioned to profit from them (Arora et al., 2001) . Technology transfers thus enable firms to reap benefits of division of labor by specializing on either knowledge creation or commercialization (Lamoreaux and Sokoloff, 1999; Arora et al., 2001) . As patents enable these markets by the specification of tradable assets in technology, scholars have emphasized the importance of the patent system for markets for technology (Gans et al., 2008; Lamoreaux and Sokoloff, 1999) . In turn, transactions on markets for technology are mostly measured by observing patent licences (Gambardella et al., 2007) or patent sales (Serrano, 2008; Lamoreaux and Sokoloff 1999) . However, transactions that involve patent trolls are false positives in these statistics. Neither as buyers or licensees nor as sellers or licensors of patents are trolls interested in the knowledge about the technology that a patent covers. Transactions involving trolls thus take place on the market for patents, but not on the market for technologies. This separation between an asset-knowledge-and the property right attached to it is specific to intangible assets and intellectual property rights, since only in this case the asset that is subject to a given property right may be independently recreated by parties other than the right owner. In the concrete case of patents, this separation is grounded in the fact that a firm may reinvent and practice some invention without owning or even knowing about the related patent, and in turn a patent owner may neither understand the knowledge underlying the patent nor know who else does have this knowledge and who uses it in practice.
While transactions involving patent trolls are clear-cut cases of such "patent-only" transactions, they are relatively small in number. However, it seems safe to assume that also a good share of patent transactions between practicing firms are pure patent transactions. We conjecture that many instances of cross-licensing in the fields of electronics, software, and telecommunications qualify as patent-only transactions. Using the terms "markets for technology" and "markets for patents" as synonyms thus appears to need revision.
The fact that a (possibly large) share of patent transactions do not have a corresponding transaction on the market for technology points to two inefficiencies, which constitute competing (or in fact complementary) explanations for such transactions. The first is an inefficiency in the patent system. If a firm independently came up with and practices an invention without knowing about the patent, then the prospect of being granted a patent was apparently not required for this inventor as an incentive. 16 This implies that, from the point of view of incentives, patents are granted too generously (in particular, for too small inventions). The second inefficiency concerns 16 In case this firm imitated the invention on the basis of the information disclosed in the patent, it would know about the patent and would not infringe upon it inadvertently. Similarly, this firm would also know about the patent if it duplicated the invention in the course of a patent race. markets for technology. In a case of a patent-only transaction, reinventing the patented invention apparently had been easier than finding the patented invention and licensing it ex ante. This discussion suggests an interpretation of patent transactions that strongly differs from received wisdom. To the extent that such transactions relate to patents only, they are not indications of efficiency-enhancing technology transfers, but rather of inefficiencies in both the patent system and in markets for technology.
Our analysis has a number of management implications. In order to avoid being sued and pressed for license payments by patent trolls, practicing firms have to find ways to impede the troll business. As Henkel and Reitzig (2008) recommend, practicing firms will have to establish more advanced patent clearing and monitoring processes, so that the risk of inadvertent infringement is minimized. In the short run, practicing firms must try to hinder patent trolls to acquire patents. This is not an easy task, since-as discussed in Section 3-patent trolls have a higher valuation than practicing firms of the patents under consideration. Number of claims Counts the number of claims the patent makes.
Days between filing of priority application and acquisition
Counts the number of days lapsed between filing of the priority application and the patent acquisition.
Patent granted before acquisition Dummy variable that indicates 1 if the patent was already granted at the time of acquisition
Number of patent applications in patents main IPC / 100.000
Counts the number of patent applications ever filed in the patents main IP class. Patent's main IPC class is the four-digit level IPC class that is listed first on the patent specification. 
